Escherichia coli is typically unable to utilize citrate as a sole source of carbon and energy, so this inability is one of the important characteristics for the identification of E. coli among enterobacteria. However, citrate-utilizing (Cit+) variants of E. coli have been isolated from a variety of sources (3, 4) . The Cit+ ability of these variants of E. coli has been shown to be plasmid mediated (3) . Recently, the nucleotide sequences of plasmid-mediated Cit systems derived from citrate utilization transposon Tn3411 and from Cit+ plasmid pMS185 were independently determined by Ishiguro and Sato (7) and Sasatsu et al. (13), respectively. DNA sequences partially homologous to the plasmid-borne Cit+ determinant were also found in the chromosomal DNA isolated from the following members of the family Enterobacteriaceae: Salmonella paratyphi B, Salmonella enteritidis, Salmonella typhimurium LT2, Citrobacter freundii ATCC 8090, Citrobacter amalonaticus ATCC 25405, Klebsiella pneumoniae I and IID977, and Enterobacter aerogenes ATCC 13048 (2) . Among these bacterial strains, the chromosomal DNA from C. amalonaticus ATCC 25405 contained a DNA fragment strongly homologous to a plasmid-borne Cit+ probe (2) .
From an evolutionary viewpoint of the Cit+ plasmid, it is of interest to examine the difference between the plasmidborne Cit system and the chromosomal Cit system. In this study, we have cloned and sequenced a BamHI-BglIl (2,972-base-pair [bp]) fragment from C. amalonaticus chromosomal DNA that hybridized with the plasmid-borne Cit+ determinant and compared it with those studied by Ishiguro et al. C. amalonaticus ATCC 25405 was used in this study (2) . E. coli K-12 derivative SG11 (recA rifampin-resistant mutant of C600 thi thr leu lac) was used as the host for plasmids (6) . Plasmid pUC18 (11) and a temperature-sensitive replication derivative of pSC101, pSC201 (8) , were used as cloning vehicles. L broth and L agar were used for routine bacterial growth (6) . Simmons citrate agar was used for the determination of citrate utilization (6) . Isolation and purification of plasmid DNA and C. amalonaticus chromosomal DNA were described previously (2) . Restriction endonucleases, the Klenow fragment of DNA polymerase I, T4 DNA ligase, and Bal3l nuclease were purchased from Takara Shuzo (Kyoto, Japan) and used as recommended by the supplier. General methods for cloning and DNA manipulation were as described by Maniatis et al. (9) . Nucleotide sequences were * Corresponding author.
determined by the chemical degradation method of Maxam and Gilbert (10) with 3'-end-labeled fragments. Southern DNA-DNA hybridization analysis was described previously (3) . DNA probes were labeled with [a-32P]dCTP by random hexanucleotide priming (1) .
Southern blot DNA-DNA hybridization experiments with a plasmid-mediated Cit+ probe showed that C. amalonaticus ATCC 25405 contained the unique 1.35-kilobase (kb) BamHI-digested fragment and the 2.0-kb BgII-digested fragment which have been found in the 2.9-kb Cit+ determinant in Tn3411 (5, 7; data not shown). Southern analysis with several restriction enzymes revealed that C. amalonaticus possesses on the chromosome one copy of a DNA region that hybridized with the probe.
To examine if the BglII-digested fragment (2.0 kb) or the BamHI-digested fragment (1.35 kb) from C. amalonaticus possessed Cit+ ability, we cloned these DNA fragments into the vector plasmid pUC18 and transformed them into E. coli SG11. The recombinant plasmids carrying the 2.0-kb BglII fragment were citrate positive, but the recombinant plasmids carrying the 1.35-kb BamHI fragment were citrate negative. The physical map of the Cit+ chromosomal DNA region was constructed and found to be almost identical to those of Tn3411 (5) and pMS185 (13) (see Fig. 2 ).
To further characterize the Cit+ determinant from C. amalonaticus, we analyzed a 3.0-kb total DNA fragment for DNA sequences. The entire 2,972-bp sequence is shown, except for the citA and citB open reading frames (ORFs), in Fig. 1 . Also shown is the best match of the sequences of the 3,000-bp fragment from the BamHI site of pMS185 (13) and the 2,925-bp BamHI-BgllI fragment from Tn3411 (5).
Two genes, the 431-amino-acid ORF (citA) and the 379-amino-acid ORF (citB), were found in the 2,972-bp sequence of C. amalonaticus chromosomal DNA as well as in the plasmid-borne Cit+ determinant. In the 1,296-bp sequence of the citA gene, which was shown to be the minimum required for the Cit+ phenotype (7), there were only eight differences (99% base-pair identities), and the amino acid sequence was entirely identical to that of Tn3411 but not to that of pMS185 (7, 13) . In the 1,137-bp sequence of the citB gene, which was located 5' to the citA gene, there were only 11 differences (99% base-pair identities), and only four changes led to differences in amino acids between the citB gene of C. The BamHI site in the C. amalonaticus DNA sequence lies in the same position as the BamHI site in the pMS185 sequence. In the 389 bp before the citB gene that are shared between the sequence of C. amalonaticus DNA and that of pMS185, there were only 20 differences (95% base-pair identities). After the end of the citA ORF, the remaining DNA sequences of C. amalonaticus, pMS185, and Tn3411 were not significantly related. A possible termination sequence for RNA transcription is indicated by the arrows in Fig. 1 . The mRNA sequence in this region could possibly form a hairpin structure with a 4-bp terminal loop and a perfectly matched stem of 13 bp (Fig. 1) .
For a critical study of the role of the cloned cit gene in C.
amalonaticus, cit deletion mutants were isolated. For this purpose, plasmid pOH700 was first constructed (Fig. 2) . Afterwards, the SmaI-HincId region, which is required for citrate utilization, was replaced by a 1.4-kb HindIII-SalI fragment conferring kanamycin resistance (Kmi) from TnS (12) . The resulting plasmid, pOH701, was ampicillin resistant (Apr), Kmr, and Cit-. Plasmid pOH702 was constructed by recloning the 3.0-kb EcoRI-Hindlll fragment containing the nonfunctional citA and citB genes and the Kmr region of pOH701 into the PvuII site of a temperature-sensitive replication plasmid, pSC201 (Fig. 2) (8) . The procedure for the isolation of cit deletion mutants of C. amalonaticus is summarized in Fig. 3 ing that the Kmr region of the plasmid had been recombined into the chromosome (Fig. 3) .
The chromosomal DNAs of the five representative Citmutants (designated CAM1, CAM2, CAM3, CAM4, and CAM5) obtained were analyzed by blot hybridization to determine the genomic structure. When the 2.0-kb BglII fragment carrying the cit gene was used as a probe, all Citmutants contained a 1.65-kb DNA fragment. In addition to the 1.65-kb DNA fragment, all Cit-mutants except CAM1 had the unique DNA fragments larger than 1.65 kb. The CAM1 mutant generated two fragments (1.33 and 1.65 kb) which hybridized with the probe (Fig. 3) . This result suggests that the CAM1 mutant contains the functional recognition BgilI site, which survived despite the fact that homological recombination occurred between plasmid pOH702 and the chromosome of C. amalonaticus. The locations and sizes of hybridization fragments in Cit-mutants are shown in Fig. 3 . Hybridization analysis was also performed with a 1.4-kb Kmr gene fragment as a probe. The BglII digest DNA fragments that hybridized with the probe were observed at the same position as with the Cit+ probe in all Cit-mutants (Fig. 3) Our analysis shows that C. amalonaticus ATCC 25405 possesses one copy of the Cit+ determinant, which is composed of two ORFs (citA and citB) found in citrate utilization plasmids. The citA gene is an essential gene for citrate utilization and is also required for the Cit+ phenotype in C. amalonaticus. These results are in good agreement with those obtained with the plasmid-mediated cit gene (5, 7, 13) . Our previous study revealed that a DNA sequence homologous to the plasmid-mediated cit gene is distributed in 7 of 18 enterobacterial species tested (2). It will be of interest to determine what percentage of identity enterobacterial species other than C. amalonaticus have at the DNA sequence level. This kind of study may lead to an understanding of how plasmids acquired the cit gene or how the chromosomal cit gene has developed and diverged through the relationship with plasmids.
